In this paper, a simple method for designing a circular polarized antenna using chiral metamaterial is presented. The antenna proposed in this paper consists of conventional linear polarized Rectangular Microstrip Patch Antenna (RMPA) and cover of bilayer twisted cross wire Chiral Metamaterial (CM). The placement of CM cover over the linearly polarized RMPA changes its polarization from linear to circular and the antenna produces a left handed circularly polarized wave at resonant frequency of 6.24GHz with axial ratio of 0.46 dB. Investigation of performance parameter of proposed antenna and parameters of unit cell of CM is also presented in the paper.
Introduction
Circularly polarized antennas have gained much attention in wireless communication, radar systems and satellite communications as these antennas are more reliable as compared to linearly polarized (LP) antennas. The waves produced by CP antennas have better mobility, penetration and less vulnerable to harsh weather conditions as compared to linear waves. Other advantages of CP antennas are elimination of alignment issues, better connectivity, reduced multipath effects and better signal strength through obstacle [1] [2] . Circular polarized antennas can be designed in different shapes and orientation like monopole antenna [3] , helix antenna, horn antenna, but CP Microstrip patch antennas [4] [5] [6] [7] are more popular in today's rapid developing scenario of electronics and wireless industry because of small size, low cost, light weight , low profile , easily mountable and can be easily integrated with other planer components.
Several techniques have been reported in literature to design a patch antenna with CP [8] [9] [10] [11] . All of these techniques use the complex feeding mechanism to produce two degenerate orthogonal modes of equal amplitude and 90 0 phase shift. In Conventional designing methods as reported above, feeding mechanism makes the design and fabrication of CP antenna difficult.
Recently, researchers have proposed the use of chiral metamaterial for designing the CP antenna [12] [13] [14] . This technique exploits the unique inherent properties of chiral metamaterial to produce CP and eliminates the use of complex feeding mechanism as used in conventional techniques.
Chiral metamaterial [15] are the metamaterial [16] [17] [18] [19] which lacks the mirror symmetry in any plane. This property results in breaking the degeneracy between the two CP waves, Left hand circularly polarized wave and right handed circularly polarized wave. Due to this property, when the LP wave which can be assumed of composed of opposite circularly polarized wave impinges on Chiral metamaterial, it generate two possible effects in LP wave: Circular dichroism and optical activity. Optical activity means the rotation of polarization plane of wave and circular dichroism means change of polarization from linear to elliptical. The circular dichroism and optical activity effect of chiral metamaterial can be exploited to change polarization of RMPA from linear to circular. Chiral metamaterial with Y shape [20] , twisted and nested U shape [21] [22] , wheel shaped [23] , fractal shaped [24] and spiral shape [25] [26] etc. are proposed in literature .
In this paper, Bilayer twisted cross wire chiral metamaterial (CM) is used which is published in [27] . Zarifi. et. el. [28] has used this CM to improve the performance of circularly polarized antenna, but in this paper, it is used to change the polarization of rectangular patch antenna from linear to circular. All the performance parameters of antenna like antenna transmission, axial ratio, radiation pattern, and gain are thoroughly investigated and parameters of unit cell of CM are also studied.
Design of Reference RMPA Antenna
Reference RMPA antenna is designed at resonant frequency of 6.2 GHz using equation (1) Where = resonant frequency ,L = length of the rectangular shaped patch, c = is velocity of light, ε r = relative permittivity of the substrate and = effective dielectric constant of substrate, which is calculated using (2) ( )
W = width of patch antenna and is calculated using equation (3) √
The designed reference rectangular patch antenna is simulated and optimized using HFSS as shown in Fig 1 . The patch antenna has length (L) = 10.02mm and width (W) =14.72mm. The ground size dimensions are 75 mm × 75mm and is fed by coaxial probe situated at (35.4mm, 39.22mm ) in Cartesian coordinates. Fig 2. depicts the reflection coefficient of RMPA, it resonates at 6.24 GHz with reflection coefficient of -25 dB. The reference has the axial ratio of 41 dB at resonant frequency as shown in Fig 3 .Fig. 4 represents the LCP and RCP gain of reference antenna, which is same for both modes. From axial ratio and gain graph it is clear that reference RMPA is linearly polarized. 
Design and Investigation of Unit Cell of Chiral Metamaterial
In this paper, bilayer twisted cross wire chiral metamaterial (CM) [25] is used. Unit cell of CM consist of twisted cross wires printed on both side of Fr4 substrate having ε r = 4.4 and loss tangent (δ) =0.0025 and thickness 1.6mm. .The length and width of twisted cross wires are 14 mm and 1 mm respectively as shown in For simulation, unit cell boundaries are applied to x and y direction and absorbing boundary conditions are applied to z axis. In simulation, linearly polarized (LP) wave is allowed to incident on the CM. As the LP is a combination of LCP and RCP.
(4)
To achieve good CP wave, either LCP or RCP wave need to be small. Two Eigen modes of electromagnetic wave is two circularly polarized wave i.e. left hand circularly polarized wave (LCP) and right hand circularly polarized (RCP) wave in CM. The four circular transmission coefficients T ++, T +-, T -+, T --which describe the response of chiral metamaterial can be expressed in terms of four linear coefficients T xx, T xy, T yx, ,T yy by following transformation [28] .
Where the first subscript shows the transmitted field polarization and second subscript shows incident field polarization. Fig. 7 shows the transmission coefficient of RCP and LCP wave in chiral metamaterial. The CM is designed at resonant frequency of reference patch antenna at 6.24GHz. In this frequency range it offer different media to both the waves, LCP wave is allowed to pass through the chiral metamaterial and RCP wave is suppressed. It offers different refractive index to LCP and RCP waves and due to this polarization of the wave after passing through chiral metamaterial changes from Linear Polarization to left hand Circular Polarization. Difference between amplitude and phase of RCP and LCP transmission coefficient is characterized by ellipticity η and azimuth rotation angle θ and can be expressed in terms of transmission coefficients as given in equation (6) and (7).
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Fig. 8, shows the retrieved ellipticity and azimuth rotation angle of EM wave using equation 5 and 6. The resultant wave from CM has ellipticity 45 0 and azimuth rotation angle is 90 0 , which depict the resulting wave is circularly polarized.
Design and Investigation of Proposed CP RMPA
After designing the twisted cross unit cell of chiral metamaterial, a 5×5 array of unit cells is applied over the RMPA at a spacing d as shown in Fig. 9 .Numerical simulation is performed using HFSS in the range of 4 GHz to 6GHz shows that optimum value of the spacing between the RMPA and CM cover is d = 20mm. The dimension of CM cover consisting of 5 ×5 unit cells is same as the substrate size of RMPA. Fig. 10 shows the reflection coefficient of RMPA antenna with CM cover. It can be seen from this graph that after applying CM cover over the patch antenna reflection coefficient improves slightly as compared to reference antenna and resonant frequency remains the same, 6.24 GHz. Fig. 11 gives the rectangular patch antenna axial ratio, which depicts that 3 dB axial-ratio bandwidth, covers from 6.16 GHz to 6.40 GHz. The effect of applying the CM cover over the patch antenna changes its axial ratio 41 dB to 0.46dB at resonant frequency of 6.24 GHz.
Thus the antenna polarization changes from linear to circular due to CM cover. Fig. 12 depicts the LCP and RCP gain of proposed antenna. In reference antenna both LCP and RCP gain are approximately same as shown in Fig. 4 and hence the antenna is LP. But the application of CM over patch antenna excites the LCP and supress the RCP as can be seen from graph shown in Fig. 12 . Thus antenna polarization mode changes from LP to CP and LCP mode excites in proposed antenna. 
Conclusions
In this paper, CP patch antenna based on chiral metamaterial is proposed. The proposed CP patch antenna consists of traditional rectangular patch antenna and twisted cross wire CM. Investigation and results shows that Conventional LP RMPA changed to CP patch antenna, when CM cover is placed over it and this CM based antenna radiates the LCP wave at 6.24 GHz with the 3dB axial ratio bandwidth covers from 6.16 GHz to 6.40 GHz. The designed antenna has advantage of simple structure, low cost and it is expected to benefit the application in wireless and satellite communication. Future work will focus on gain enhancement of CP antenna as the proposed antenna gain is less than reference antenna. 
